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The most used algorithms for the identification of electron-ionization mass spectra are INCOS 
and probability based matching (PBM). For unknown spectra of high purity, -75% of rank 1 
answers are correct for both algorithms, matched against the National Institute of Standards 
and Technology 62,235 spectrum database. With matching criteria that retrieve 50% of the 
possible correct answers from the Wiley 228,998 spectrum database, 54% of the PBM and 42% 
of the INCOS answers are correct; for 85% purity unknowns, 48% and 27% are correct. For an 
unknown spectrum of two compounds, neither was reported in the first three INCOS answers; 
eight of the first ten PBM answers identify both components. (J Am Sot Mass Spectrom 1998, 
9, 92-95) 0 1998 American Society for Mass Spectrometry 
E lectron ionization (EI) mass spectra are the most widely used data for unknown compound iden- tification, with more than 10,000 gas chromatog- 
raphy/mass spectrometry (GC/MS) systems in world- 
wide use. Matching an unknown mass spectrum 
against a reference file [l] of 228,998 different spectra 
[275,000 including National Institute of Standards and 
Technology (NIST) spectra [2]], requires -0.5 s [3], so 
that matching is a logical first step in identifying an 
unknown [4,5]. These reference spectra were measured 
on a wide variety of instrumentation, so that the com- 
pound indicated should be verified by measuring its 
mass spectrum under the same experimental conditions 
as used for the unknown. For database matching, the 
most widely used computer programs are the Finnigan 
INCOS dlot product [6] and the probability based 
matching (PBM) [7] algorithms. 
A recent Stein and Scott study [8] of five mass 
spectrometry search systems concluded that the INCOS 
system (with their modified scaling, INCOS-SS) was the 
“best performing algorithm,” achieving 75.7% accuracy 
for rank 11 answers versus 64.7% for their version of 
PBM (Table 1). This performance reexamination uses 
both the NIST [2, 91 and Wiley [1, lo] databases that 
contain multiple spectra (different sources) of the more 
common compounds, unknown spectra of varying pu- 
rity, recall/reliability [ll] as well as ranking evaluation, 
and the commercial version of the PBM algorithm [3]. 
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Experimental 
The INCOS algorithm used here is that described [6] 
plus that with the modifications of Stein and Scott [8], 
except for their undocumented prefilter that makes 
matching faster but less thorough. All components of 
the PBM algorithm [3] have been described extensively 
[4,7]. Of reference spectra used, “exact duplicates” [4,7] 
were removed from the 1992 NIST database [2] so that 
it contained 74,418 spectra of 62,235 different com- 
pounds. The Wiley 1994 Registry of Mass Spectral Data, 
6th electronic edition [l], contains 228,998 different 
spectra of 198,348 different compounds. 
The sets of simulated unknowns were the 12,593 
alternate NIST spectra employed by Stein [8] and the 
370 randomly selected spectra used in our previous 
studies [4,7]. All have at least one other spectrum of the 
same compound in the data bases tested; a match of the 
unknown with itself is ignored. “Recall/reliability” 
evaluations [ll] were made as described previously [4, 
71. For comparison with the Stein study [S], matches 
were counted as correct for reference spectra of the 
same Chemical Abstracts Service (CAS) Registry num- 
ber, whereas “Classes I and IV” criteria [7b] were used 
for comparison with previous PBM studies. Class I 
counts stereoisomers as correct because they usually 
produce virtually identical mass spectra. Class IV 
matches are compounds differing structurally in ways 
that should only cause small variations in the mass 
spectrum. The ratio of Class I and Class IV matches 
found for earlier databases of 81,000 [7e] and 140,000 [4] 
0 1998 American Society for Mass Spectrometry. Published by Elsevier Science Inc. Received June 5,1997 
1044-0305/98/$19.00 Revised September 30, 1997 
PII SlO44-0305(97)00235-3 Accepted October 3, 1997 
J Am Sot Mass Spectrom 1998, 9, 92-95 MS MATCHING ALGORITHMS AND DATABASES 93 
Table 1. Performance comparison based on highest rank 
answers 
% correct at rank 
Database and algorithm 
62,235 database, 12.593 unknowns? 
Ref. 8 data 
1 l-2 l-3 
Commercial INCOS 72.9 85.9 90.8 
INCOS-SS 75.7 88.0 92.5 
PBM 64.7 78.4 84.8 
This study: 
INCOS-SS 77.0 87.6 91.6 
Commercial PBMb 74.9 83.2 86.4 
228,998 database, 370 unknowns? 
INCOS-SS 75.4 83.0 87.8 
Commercial PBM 77.0 85.1 88.9 
‘Correct answers have same CAS number. 
blf only the first reported answer is considered, even though a correct 
answer has the same RL value, the % correct are 72.8, 82.1, and 85.7. 
“Class I correct answers. 
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spectra were very similar, so that this ratio was used 
here in calculating Class IV data. 
Figure 1. Recall/reliability results (same CAS number) of match- 
ing 12,593 NIST duplicate spectra against the NIST 62,235 spectra 
database using: square, INCOS-SS; diamond, PBM. 
Results and Discussion 
Validity of Algorithm Implementations 
Our version of the INCOS-SS algorithm was checked by 
repeating the Stein matching of 12,593 unknowns 
against the NIST 62,235 database. Their INCOS-SS 
rankiig results [8, Table 21 are similar to ours (Table l), 
with our slightly higher values consistent with the 
absence of the prefilter found to be “98% effective” [8]. 
In comparison, PBM uses “weighted file ordering” [7f] 
to achieve 0.2-s matching of this database. 
This better PBM discrimination against the far more 
numerous incorrect matches in the 228,998 database 
also results in a slight improvement in its “best answer” 
performance (Table 1). 
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With the commercial PBM algorithm [3], however, 
matching the 12,593 unknowns against the 62,235 data- 
base yields dramatically better results. Our rank 1 PBM 
answers are 74.9% (not 64.7% [S]) correct, comparable to 
77.0% for INCOS-SS and 72.9% for the commercial 
INCOS [6] algorithms. Using the more comprehensive 
[ll] recall/reliability (RC/RL) evaluation, PBM shows 
(Figure 1) a performance that is at least comparable 
with that of INCOS-SS; the minimum (adjustable) for 
PBM of RL > 0.1 causes its dropoff at >0.9 RC. By using 
the statistically representative unknown data set of 370 
mass spectra selected at random [4, 81 and matching 
these against the full MST 74,418 spectral database, 
again the INCOS and PBM algorithms give closely 
comparable performances (data now shown). The cause 
of these differences in their [8] and our PBM results is 
not obvious, but the commercial availability of the PBM 
algorithm should make verification straightforward. 
m  
mm 
For algorithm performance against the Wiley 228,998 
database (Figure 2) using matching criteria in which 
50% of the possible answers are retrieved (50% recall), 
54% of PBM answers are correct versus 42% of INCOS. 
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Figure 2. Matching (class I) 370 statistically selected unknowns 
against the Wiley 228,998 database using: square, INCOS-SS; 
diamond, PBM. 
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Figure 3. Matching the 85% component of 369 spectra synthe- 
sized as an 85:15 combination (similar molecular weights) of the 
370 unknown spectra against the Wiley 228,998 database using: 
square, INCOS-SS, Class I; open diamond, PBM, Class I; triangle, 
PBM, Class IV. 
Mixture Unknowns 
Even the high separation capabilities of modem capil- 
lary gas chromatography can be compromised by mix- 
ture complexity, so that sample purity cannot be as- 
sumed. To test unknown spectra of lower purity, the 
370 unknown mass spectra were combined by the 
computer to give 369 binary mixtures of similar molec- 
ular weight representing 85:15 proportions; these were 
matched against the Wiley 228,998 database (Figure 3). 
For PBM, this 15% impurity only reduces the RL value 
by 6% at 50% recall; 48% of the answers are correct (71% 
by Class IV criteria), while only 26% are correct by 
INCOS-SS (Figure 3). For 50:50 mixtures, a 25% recall 
yields 60% correct by PBM but 25% by INCOS. Match- 
ing the 85:15 mixtures against the NIST 74,418 database 
at 50% recall, 59% (Class I; 88% for Class IV) of PBM 
retrievals are correct versus 40% for INCOS-SS. Al- 
though the Wiley database contains an additional 
154,580 possible wrong answers, the false retrieval of 
these is greatly reduced by the PBM reverse search [7] 
and spectrum subtraction [7d] capabilities. 
Example Spectrum of an Unknown Mixture 
Sparkman [12] recently reported an unknown spectrum 
(Figure 4) in which the multiple INCOS retrievals of 
1 
1 Unknown Spectrum 
Ethane, l,l,l-trichloro- 
71-55-6 
LIL..- J ,II, 
Chloroform 
67-66-3 
:,.._.II . , 
I Dichloromethyl ether 20524-86-l I 
20 30 40 50 60 70 SO 90 100 110 120 
Figure 4. (Top) unknown spectrum of Sparkman [12] and (be- 
low) reference spectra (and CAS numbers) retrieved by PBM from 
the Wiley 228,998 database. 
1,1,2+richloroethane at high confidence levels from the 
NIST 74,817 database were all incorrect (Table 2). The 
unknown spectrum was from the top of a gas chromato- 
graphic (GC) peak; mass spectrometry spectra recorded 
near the base on each side of the GC peak showed that 
the unknown spectrum instead resulted from a mixture 
of l,l,l-trichloroethane and chloroform. A PBM search 
(Table 2) does not retrieve 1,1,2-trichloroethane in the 
first 13 matches and indicates both of the correct com- 
ponents five times in its first ten hits. The first hit is 
incorrect, Cl,CHOCHCl,; its structurally misleading 
Ccl; fragment ion apparently results from Cl and 
CH,O losses. However, PBM with the Wiley 228,998 
database (Table 2) gives a correct first hit, as well as 
correct answers representing both components for eight 
of the first ten hits with much higher reliability values 
than those from the smaller data base. 
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Table 2. Matching of Sparkman unknown mixture spectrum 
INCOS: 
74,827 PBM: PBM: 
[I21 Rank: 74,418 228,998 
Retrieved compound CLa Rank: RLb Rank: RLb 
Correct: 
l,l,l-trichloroethane 
Chloroform 
Incorrect: 
1,1,2-trichloroethane 
Dichloromethyl 
ether 
I:838 
2:793 
3:754 
2:61 I:79 
5:27 3, 4,5:64 
6:27 7:61 
3:29 6:63 
10:17 
8:56 5. 
1174” 2:78 6. 
*Confidence level: 800-900, high probability that unknown and refer- 
ence are of same compound 161. 
bReliability value: % probability that reference is correct by Class IV 
criteria. 
CHits 4 and 9 are l,l-dichloro-I-nitroethane. RL = 29 and 18. 
Conclusions 
These tests support the current routine use in many 
laboratories of the PBM algorithm [3] with the Wiley 
database of 228,998 spectra [l]. This requires -0.5 s to 
match an unknown, and is especially advantageous for 
unknown spectra of impure samples. 
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